Objective: To assess the relationship of ultrasound assessment for amniotic fluid, fetal weight, cervical length, cervical funneling and clinical factors on the risk of Caesarean delivery after labour induction at term.
Introduction
Induction of labour occurs in about 20% of term pregnancies and is associated with a Caesarean delivery rate of about 20%. 1 Cervical length by transvaginal ultrasound 2 and amniotic fluid index (AFI) 3 have been shown to be predictors of Caesarean delivery in induced labour. Birthweight is also associated with Caesarean delivery, 4 but estimated fetal weight by ultrasound is not. 2 However, other authors have not found any association between low AFI at labour induction and Caesarean delivery. 5 Bishop score has been shown to be a better predictor of Caesarean delivery than cervical length on transvaginal ultrasound by some 6 but this finding is disputed by others. 7 The predictive value of sonography prior to labour induction in predicting Caesarean delivery remained unsettled. A prospective study was therefore performed to assess the value of sonography for fetal biometry (to estimate fetal weight), AFI, cervical funneling and cervical length as well as patient characteristics on Caesarean delivery risk at labour induction as this information would be of use during pre-induction counselling to guide patient's choice.
Methods
This study was performed at a university hospital with about 5000 deliveries per annum. Women at term (37-42 weeks), with a singleton fetus, intact membranes and cephalic presentation were recruited when they presented to the induction bay of the delivery suite for labour induction. Recruitment was carried out by the investigators. Women with an intrauterine fetal death or known lethal fetal anomaly were excluded as the threshold for Caesarean delivery for these women would be very high and inclusion might skew results. Recruitment took place between January 2003 and August 2004. Of 153 women who were approached, only one woman declined transvaginal sonography, leaving 152 women for final analysis.
Following recruitment, women who participated in the study were asked to empty their bladder, and a transabdominal ultrasound examination was performed to obtain fetal biparietal diameter, head circumference, abdominal circumference and femur length. Estimated fetal weight was derived using the formula by Hadlock et al. 8 AFI was obtained by hypothetically dividing the pregnant uterus into four quadrants and measuring the deepest vertical liquor pool without any umbilical cord in each quadrant and summing the four measurements to obtain the AFI as previously described. 9 The amniotic fluid index was obtained three times in each woman. The mean of the three AFIs was taken as the representative AFI.
Immediately following the transabdominal examination, a transvaginal ultrasound was performed with the woman lying supine. The sagittal image of the entire cervical canal was acquired sonographically as previously described. 10 Measurement of cervical length was made from the internal os to external os in a straight line. 11 The cervical images were acquired three times in succession and the cervical length was measured for each image. The shortest length of the three measurements obtained was used for analysis. 12 Funneling was defined as funnel-shape appearance at the internal cervical os because of dilatation of the internal os. The sonographic findings were concealed from providers.
The ultrasound examination was performed by investigators with at least one year of experience in sonography with a 3.5-MHz curvilinear transabdominal probe and a 6-MHz endovaginal probe using either a Toshiba Eccocee (LET Medical Systems Corp., Miami Lakes, FL, USA) or a Capasee machine (Toshiba Medical Systems Corp., Tokyo, Japan).
The method of induction of labour was decided at the initial vaginal examination in the induction bay, at which time the Bishop Score was also obtained. Labour induction was commenced either with dinoprostone (3 mg) pessary placement in the posterior fornix or with amniotomy. We monitored all women who participated in the study with continuous electronic fetal monitoring in labour.
In our institution, dinoprostone pessary was used for labour induction if the Bishop score was unfavourable (less than five) and amniotomy usually performed when the cervix was at least 3 cm dilated and the presenting part was low. In women with unfavourable Bishop score, a further assessment was made after 6 h; depending on the cervical dilatation and the presence of contractions, a further dinosprostone pessary might be inserted or amniotomy performed. A maximum of two doses of dinoprostone per day were allowed. The women were then routinely assessed again after another 6 h, and if the cervix remained unfavourable, women with non-urgent indications were usually rested overnight and the process repeated the following morning. Following amniotomy for labour induction, oxytocin was usually started within 2 h if contractions were inadequate. The start of labour induction was taken as time of insertion of the first dinoprostone pessary or of amniotomy.
Once in established labour, vaginal assessment was usually performed every 4 h initially unless more frequent examination was indicated. Oxytocin was started for labour augmentation when labour progress fell below the action line in the partogram. Once started, oxytocin infusion was usually continued to delivery.
We defined low Bishop score as a score of less than five, low AFI as AFI of no more than five, short stature as a height of less than 1.5 m (this height was at least 1 standard deviation below the mean for our study population), normal estimated birthweight as between 2.5 and 4 kg and long cervix as cervical length on transvaginal sonography of more than 20 mm (after examination of the receiver operator characteristic curve for cervical length and Caesarean delivery).
Ethical approval for our study was obtained from the Medical Ethics Committee of University Malaya Medical Centre, University of Malaya. Our study followed the principles laid out in the Helsinki Declaration (revised Edinburgh 2000). Written informed consent was obtained from every participant.
Data were entered into a statistical software package  version 13.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Instat and QuickCalcs software (GraphPad Software Inc., San Diego, CA, USA) were also used for data analysis.  software (Quantitative Skills, Hilversum, Netherlands) was used to perform Fisher's exact test with larger than 2 × 2 datasets. The Kolmogorov-Smirnoff test was used to check for normal distribution. The t-test was used to analyse means, the Mann-Whitney U-test for non-parametric data, and the Fisher's exact test for categorical datasets. The relative risk and its 95% CI were calculated using GraphPad Instat program. A receiver operator characteristic curve was used to determine the appropriate cut-off of the cervical length for predicting Caesarean delivery. Multivariate logistic regression analysis was performed, utilising all variables with crude P < 0.05. P < 0.05 was taken as a significant level, and all tests used two-tailed results.
Results
The characteristics and outcome profiles of the 152 study women are listed in Tables 1 and 2 . The overall Caesarean section rate was 23% (nulliparae's rate of 38.5% and multiparae's rate of 11.5%). A receiver operator characteristic curve indicated that the best cut-off for cervical length as a predictor for Caesarean delivery was 20 mm (sensitivity of 77%, specificity of 46%, positive predictive value of 30% and negative predictive value of 87%).
The gestational age was confirmed by ultrasound in 131 (87.5%) women, supported by compatible symphysis-fundal height before 24 weeks of gestation in 15 (9.9%) women, but four (2.6%) women attended late for antenatal care and gestational age was based on maternal menstrual dates.
Among women with Bishop score of ≤ 5, 84 of 86 (97.7%) had vaginal dinoprostone as the initial method of labour induction. Among women with cervical dilatation of ≥ 3 cm, 25 of 31 (80.6%) had amniotomy for labour induction and of the six remaining women who had vaginal dinoprostone induction, five had a high presenting part with station of ≥ −2 cm. Two women had cervical dilation ≥ 3 cm and Bishop score of five. Among women with Bishop score of > 5 and cervical dilation of ≤ 2 cm, 32 of 37 (86.5%) had dinoprostone induction. Method of induction was not a significant predictor of Caesarean delivery in our study (12.5% Caesarean rate for amniotomy subgroup vs 25.8% for dinoprostone subgroup: P = 0.16).
The distribution for parity, gestational age, Bishop score and induction to delivery interval were found to be non-parametric. Data for these variables were displayed as median (interquartile range) and Mann-Whitney U-test was used to compare these variables. 
Discussion
The role of sonographic findings as a predictor for Caesarean delivery at labour induction at term remained unsettled. Low AFI has been found to be predictive of Caesarean delivery indicated by fetal distress 3 but others have not found such an association. 2, 5 Our study did not show any association between low AFI and overall Caesarean delivery ( Table 2 : P = 0.57) nor low AFI and Caesarean delivery for fetal distress (P = 0.22).
Estimated fetal weight outside the normal range by sonography was also not associated with Caesarean delivery in our study. This finding is compatible with that of recent studies. 2, 13, 14 In addition, the mean birthweight of babies eventually delivered by Caesarean section was very similar to those delivered vaginally (Tables 2, P = 0.87). However, the number of fetuses estimated by ultrasound to be less than 2.5 kg (n = 14; 9.2%) or more than 4.0 kg (n = 3; 2.0%) were small in our study.
In our study, transvaginally assessed cervical length of more than 20 mm at labour induction was independently associated with Caesarean delivery. This finding is in keeping with recent studies 2, 15, 16 but others have not demonstrated such an association. 17 The association between nulliparity and Caesarean delivery following labour induction was the strongest (AOR 5.2) in our study and this association has been consistently reported. 2, 7 Short stature has been reported to increase the risk of Caesarean delivery, 2,18 but in our study, the mean height of women who underwent Caesarean delivery was similar to those who had vaginal delivery; women with short stature (less than 1.5 m) were no more likely to have had Caesarean delivery ( Table 2 , P = 0.59) following labour induction at term.
Our study has some shortcomings -only 35 study women were delivered by Caesarean and the indication for induction of labour was heterogeneous. However, we had used multivariable logistic regression analysis to control for significant variables from univariate analysis.
Nulliparity and pre-induction sonographic cervical length of 20 mm were significant parameters in predicting the mode of delivery in our heterogenous group of study women. Including these parameters in a predictive model would assist in achieving better prediction and counselling of women for induction of labour of singleton pregnancy at term. *Median and interquartile range shown where data were non-parametric. †Defined as abnormal if at least two of the following features -(i) absence of fetal heart rate accelerations, (ii) tachycardia (> 160 b.p.m.), (iii) reduced fetal heart rate baseline variability (< 5 b.p.m.) and (iv) late or variable decelerations, were present in the last hour prior to birth. *Median and interquartile range shown for non-parametric data. †95% confidence interval. ‡Adjusted P-value and adjusted odds ratio (AOR) shown where covariate was incorporated into the model for multivariate logistic regression analysis. §Non-reassuring fetal status includes oligohydramnios, reduced fetal movement, small for gestational age, non-reassuring cardiotocograph and non-reassuring umbilical artery Doppler. ¶Indications total 190 as 37 women had two recorded indications for labour induction and one woman had three indications.
